T he purpose of this study is to compare obstetric and birthweight data of twin children from the two largest databases in Japan to estimate the difference between them in sample collection. The first group consisted of 1131 twin-pair school applicants, and the second group consisted of members' children from several maternal associations devoted to twins and included 951 pairs. All data were gathered by questionnaire. The mean birth years of the twins in these two databases were 1979 and 1995 respectively. The percentage of mothers treated with ovulation-stimulating drugs or in-vitro fertilization was markedly higher in the maternal associations group. Gestational age was around 1 week less in the maternal associations group, whereas birthweight according to gestational weeks and intrapair relative birth weight difference as a percentage according to zygosity showed little difference between both groups. We conclude that the obstetric and birthweight feature data from both groups should be considered to construct twin growth charts based on the methods of sample selection.
Many countries including Asian countries are constructing or have constructed large population-based twin registries. No systematic twin registry exists in Japan, however. Three main data sources are used to study the growth and development of multiples in Japan. First, vital statistics can be obtained; however access to individual information is prohibited. Second, data from large hospitals is used in the field of obstetrics, particularly for managing high-risk pregnancies. Twin data collection within this field is relatively easy; however, it has a selection bias towards high-risk infants, for example those with a very low birth weight.
To fill the gap between vital statistics and hospital data, a volunteer-based twin database was set up that is larger and less biased than hospital data and contains more detailed information than vital statistics.
In addition, data regarding the condition of twins after birth has been gathered, a difficulty for both vital statistics and hospital data. The database consisted mainly of two independent groups. The purpose of this study is to compare the obstetric and birthweight characteristics of both samples to estimate the effect of different sample collection.
Materials and Methods

Subjects and Data Collection
The present sample consisted of two independent groups. The first group included 1131 mothers and their twin children living in the Tokyo metropolitan area. All of the twins in this group -the school applicant group -had applied between 1981 and 2004 to (though not necessarily enrolled in) the secondary school attached to the Faculty of Education at the University of Tokyo. The second group -the maternal associations group -consisted of 951 mothers from several associations for parents of multiples throughout Japan. The twins' age at data collection was between 11 and 12 years in the school applicant group, and between 0 and 15 years (mean 5.9) in the maternal associations group.
Mailed or hand-delivered questionnaires of nearly the same format were used to collect the data from the two groups. These included questions about family structure; obstetrical findings on the mothers; the twins' physical growth, zygosity, motor, language, and mental development; the twins' and parents' medical histories; and any behavioral problems the twins had had (Ooki & Yokoyama, 2003 , 2004 tations and Japanese restrictions on epidemiological data collection. Obstetric findings were obtained from the Maternal and Child Health Handbook (which is presented by the Ministry of Health, Labor and Welfare to all pregnant women and whose format varies depending on the policies of each city). No information on chorionicity was gathered.
The zygosity of the twins was determined primarily by a questionnaire that was completed by the mothers in both groups. Zygositymonozygotic (MZ), unclassified (UZ) and dizygotic (DZ) -was determined according to similarity scores calculated using five questions about physical similarity and the confusion of identity between the twins. In a previous study in which zygosity determination by DNA/genetic markers was regarded as the gold standard, the accuracy of the zygosity questionnaire was 97.5% , although around 10% of pairs were unclassified. A trade-off exists between high accuracy on the one hand and a high percentage of unclassified pairs on the other.
Informed consent regarding the statistical analysis of the school applicant group's data was obtained using written documents as part of the application process. The mothers of the maternal associations group all cooperated voluntarily with the study through the associations or through personal introductions.
Statistical Analysis
The basic characteristics of the samples were summarized, including zygosity, birth year of the twins, maternal and paternal age at the time of the birth of the twins, and gestational age.
Birthweights were then analyzed according to the subject's group and sex. Fiftieth percentiles by gesta-tional age were calculated. Smoothing of the growth curves was performed for both groups using a cubic spline function, and the curves compared with the birthweight norms for twins in Japan (Kato, 2004) calculated by using the vital statistics of around 65,000 pairs of twins.
Birthweight discordancy was also analyzed in order to estimate the selection bias through which severely discordant twins are unknowingly excluded from the twin database. For each twin pair, the intrapair relative birthweight difference (RBWD) was calculated as a percentage of the absolute difference of birthweight divided by heavier birthweight (Sadrzadeh et al., 2001) , and then compared between the two groups. The mean RBWDs of MZ and DZ same-sex twin pairs within each group were tested using Student's t test. The mean RBWDs of twin pairs between groups were also compared to test the selection bias of severely discordant twin pairs. This selection bias was also tested using Student's t test.
Statistical analyses were all performed using SAS for Windows (1997) . Smoothing of growth curves was performed using the PROC TRANSREG program by specifying the 'pspline' model.
Results
The basic characteristics of the subjects including the obstetric findings of the mothers are summarized in Table 1 . The percentage of mothers treated with ovulation-stimulating drugs or in-vitro fertilization was much higher in the maternal associations group. The number of gestational weeks for the maternal associations group was one week less than that of the school applicant group. The mean birth year of the school applicant group was 1979, and 1995 for the maternal association group.
Basic statistics of birthweight are summarized in Table 2 . Irrespective of sex, the birthweight of the school applicant group was more than 100g heavier than that of the maternal associations group. For the maternal associations group, twins conceived spontaneously (n = 632 pairs) had shorter gestations, slightly lower birthweights, and higher maternal ages at birth compared with twins conceived with assistance (n = 287 pairs): gestation, 36.8 weeks versus 37.2 weeks (p < .05); birthweight, 2306 g versus 2355 g (p < .05); maternal age, 30.2 versus 31.7 years Figure 1 50th percentiles of birthweight according to gestational weeks.
Figure 2
Curve of relative cumulative frequency of RBWD according to sex combination.
Note: RBWD = relative birthweight difference in percentage. All same sex pairs include pairs with unclassified zygosity.
(p < .0001). MZ twins conceived spontaneously were lighter than DZ twins conceived spontaneously in the school applicant group (2469 g vs. 2553 g, p = .0003). This tendency was not observed in the maternal associations group (2305 g vs. 2328 g, ns). The smoothed curves of the birthweight 50th percentile according to gestational weeks separately for sex and parity are shown in Figure 1 . Little difference was observed between the school applicant group, the maternal associations group, and the vital statistics.
The curves of the relative cumulative frequency of RBWD according to same-sex pairs and opposite-sex pairs are shown in Figure 2 . At the 30% level of RBWD, the relative cumulative frequency of both groups reached between 96% and 97%, irrespective of the sex combination of the pairs. Mean and median https://www.cambridge.org/core/terms. https://doi.org/10.1375/twin.8.1.63 RBWD in percentage, frequencies of discordant twin pairs and intraclass correlations according to zygosity and sex combination are shown in Table 3 . The RBWD of MZ pairs was significantly lower than that of DZ same-sex pairs in both the school applicant group (p = .0206) and the maternal associations group (p = .0037), whereas no significant difference in RBWD was found between the two groups regarding zygosity and sex combinations.
Discussion
Data from the maternal associations and school applicant groups were gathered partly to evaluate the representativeness of the school applicants' data that had already been collected. Features of the school applicant group are as follows: first, both twins were alive and showed no marked growth disturbance at ages 11 and 12 years. Second, the twins lived only in the Tokyo Metropolitan area. Third, all in the group applied to take an entrance examination for a university-affiliated school and appear to have performed well in their schooling up to that point, which could exclude children with disabilities or low birthweight twins. These features may have an advantage regarding intrauterine growth, although the direct effect of these positive selection biases is difficult to specify.
The total MZ/DZ ratio for the school applicant group was 2.76 (754/273), and that of the maternal associations group was 1.08 (445/412). According to Imaizumi and Nonaka (1997) , the Japanese MZ/DZ ratio has decreased from 1.90 in 1979 to 1.09 in 1994. The MZ proportion was much higher in the school applicant group, partly reflecting the higher proportion of spontaneous MZ twinning in this period in Japan, but also partly reflecting selection biases based on the sampling process itself whereby MZ pairs are more likely to be applicants.
There was a clear birth year difference between the groups. The mean birth year of the school applicant group was around 16 years earlier than that of the maternal associations group. There was a tendency towards higher maternal and paternal age, higher percentage of primiparity, and considerably higher frequency of treatment using ovulation-stimulating drugs or in-vitro fertilization in the maternal associations group in comparison with the school applicant group. These reflect recent birth trends in Japan including singleton births, reflected in the difference in twins' birth years between the two groups.
The maternal associations group birthweight was lower than that of the school applicant group, as shown in Table 2 , partly reflecting the earlier gestational age of the twins in the maternal associations group. This finding may be partly attributed to the recent tendency in Japanese obstetrics to keep maternal body weight gains from becoming too great. Nevertheless, the birthweight of both groups according to gestational weeks was not extremely different to that of the general twin population in Japan (Kato, 2004) , as shown in Figure 1 .
Many reports have indicated differences between twins conceived spontaneously and those conceived with assistance in maternal and birth characteristics such as socioeconomic and educational status, maternal age, gestation, and birthweight (Helmerhorst, et al., 2004; Zaib-un-Nisa et al., 2003) . The maternal associations group clearly reflected some of these differences. Detailed analyses of these characteristics are the next step in the study.
Data on biometrical birth parameters might be influenced by birth year and recruitment methods. According to the results of Sadrzadeh et al. (2001) , who analyzed potential biases regarding birthweight in the historical and contemporary twin databases of the Australian Twin Registry (Treloar et al., 2000) , the Netherlands Twin Registry (Boomsma, 1998) , and the East Flanders Prospective Twin Survey (Loos et al., 1998) , each twin registry has its own features represented by birthweight data. MZ twins are subject to negative selection in historical databases through which severely discordant twins are unintentionally excluded, whereas the hypothesis that MZ twins are less discordant for birthweight in a volunteer-based twin registry than in a population-based twin registry had to be rejected.
At the 25%, 30%, 35% and 40% levels of RBWD, the relative cumulative frequency was nearly the same for both groups irrespective of sex combination, as shown in Figure 2 . This suggests that there is no fatal selection bias of severely discordant twin pairs in the school applicant group. Some unexpected selection biases may exist, however. We conclude that the obstetric and birthweight features of both groups based on the methods of sample selection should be considered to construct growth charts of twins using this data.
